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© Proceaa of catalytic partial oxidation of natural gas la order to obtain synthesis gas and 
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. recess of cata.ytlc parts; evasion ct natural gas in order to cbtain synthesis gas and formaldehyde 
•ntograted with processes of hydrogonntion of the. renting CO. such «» F w hor-Trop*ch and methanol 
syntheses. Such an oxidation is carried out by means of a catalyst constituted by ena or mora compounds of 
metaia form Platinum Group, which H given the shape of wire meshes, or is deposited on a carrier made from 
inorganic compounds, in such a way that the level of metal or metals from Platinum Group, as percent by 
*e*3M- comprised wilhin the range of from 0.1 to 20% of the total weighl of catalyst sod carrier, by operating 
at temperature comprised within the range of from 300 to 950 -C. und,r pr,«u*« comprised within the range 
ot trcm 0.5 to 50 Atm. at space velocities comprised within the range of from 20,000 to 1.500,000 h~«. 
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5 SSS^^p^^ ^-^^r mfctures synthesis under conditions 2 
^TJ? * ynthosla 9" * P^n"y manufactured by means of processes of stoam reforming autothermal 



C^Hn, ♦ nHaO — > nCO + (m + n/ZjHj [1] 
H 2 0 ♦ CO *— •:> COi * Mj [2] 



is 



undZ h !hli° f £ 9)6 rSaCla "! n,Ww * ,s dGtermirwd ■* »» temperature and pressure condition* 

f-4? * >m>d ° Ut> 35 We " as b ' *» n9ed * »» con formation re2£! s 



t3] and (4]: 
» CaH m — > Q, + nv2 Ha . [3J 
2CO — > C + COj [4J 



The commonly used catalysis in this process are bassd on Mi supported en At. Mg. si oxide came™ 

place made tuMar reactors contained Inside a combustion chamber. The pressures inside the tube, „ 9 
Really comprwad ".thm tho range of from 1 to 5 MPa, and the temperature at tube outlets Is tvoicaliv 
taBtar than 850 -C (see. Cataiysis Science and Technology- Vol. 5 Chaptor ,. Ik^2S£S£2 
„ ?» ? 8 f,5 8amS inSkte interior * *• beds are of round hWsoconds. A lone 

SLSr^ 9 T (wWCh 370 ■W"*** 1M. long}, which are totally fifed wTthlS^ ££ 
gradients arise m tho gas mixture composition. ^ 

mn^J^TL tj^H^ 0 0X!da,,0n ar ° ■*« are employed In order to 

2 * ^ST"* 8 ^ OXV9 5 n ' ^ ^ ilrt0 ^thesis gas with H,:CO ratios of typically 
*» Si 2nd f2) ra PrCC0SS CtWmiStry ^ be ^"^d by means of equations 

C„H m + rV2 Oj — > nCO + nV2Hz [5J 

The facilities installed to date by Texaco and Shell (see Hydrocarbon Processing; April 1900, p. 88) are 
wo prcv*.«i with adabatlc factor* in whfch the reaction* are started inside (he reactor, by mean* of a burner 
•n whtch the reactions of total combustion f6] of hydrocarbons 

C»H ra + (n + m/2)02 — > n CO? + m/2 H : 0 [6] 

«5 mainly lake place. 

„ n h Th T h e -I ft3Ct ! nS 13/98 amOUOte °' h9at 5team and COj - Heaf «**i«>g tactions of 

unburnt hydrocarbons to take place, and favours tne reaction of sieam- and CO*-relorming [1J, [7] 

nCOj + CH., — > 2nCO + m/2 Hi m 



The process temperatures are typically comprised within the range ol from 12S0 to 1S00-C and 
pressure Is caused to range from 3 to 12 MPa. Tne process requires very short stay times ot the 
^anuprodort m^ inside tho roector (of about 0.5 second,). As in tho roactant mixture* ratio, of 

55 S.fim'ts ofcoT ^ n0rma " V !8r5er th3n °' 6 <bV VO,/V0,) • Dr0dUCed ^ 045 COn,a "' S ,ar ° a 

The autothermal relorming processes are carried out insid adiabatic r actons to which mixtures of 
hydrocarbon*, oxygen and 3 , O0 m are fad: ateo in this caae. the 0 ; :CH. ,alio S are .argor than the 
sto.ch.om tr.c value of 0.5. In a first reaction zone, by means of a burner the total combustion ructions or 
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nyorocaroons tej ar started, in a second reaction zone, inside a catalytic bed the steam Ml and co» 
rotamWng [7] rosctioro take ptoca. In «be ca*.y«c txxl. c«*iy 3 * <uo u<*d which display slm J i^LS 

mixtures are obtained wrth ^eimedlate H,:CO ratios between those found in syn gag from SJZn rBfe J?!f 
' 2? ""TKE P ^f' ° Xiaa " on - The reactor outlet temperature la JpfcaWy cSsW3 

consider* y h.fiher. The mlwnaJ reactor pressure is comprised within the ranoe of from 2 to 4 MPa TT,o 
stay times inside the catalytic bed are of round 0.7 seconds. MHa lf, ° 

Synthesis gas is mainly osed in F-T syntheses in order to obtain hydrocarbon blends, in methanol 
to synthesis, m ammonia synthesis. 

F-T processes have been mainly realized by Sasol In Souih Africa and use synthesis gas produced 
from coal by means of a coal gasification and methane reforming process. The investment costs for the 
SasoifacHibes are subdhnded as follows (see M.E. Dry 'The Fischer-Tropsch synthesis - Commercial 
aspects" Catal. Today, 1900, 6, 183): " w ' w< " 
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coal mining, steam and O* production 
synthosis gas production 
F-T synthesis 



47% 
23% 
30% 



As one may sea, the coaJ miring and conversion costs and the syn gas production costs constitute 
approximate^ 70% of total process costs and producing tools from coal Is economically feasible if one has 
available coal at much lower costs than of petroteum. The syn gas mixture* obtained from Sasol process* 
contain tfe.-CO ratio* comprised within the range of from 1J to 2, 
56 F-T synthesis mainly produce hydrocarbons according to equation [8] 

2nH 2 nCO — > CnH 2n * nH?0 (8] 

in reality, F-T synthesis is * process of polymerization of d units in which saturated and unsaturated 
straight and bntncheo-chain Hydrocarbons are produced- 

In general, the presently available technologies of hycVogonaUon of carbon monoxide downstream from 
the steam reforming, autothermal reforming, partial oxidation processes require that methane levels are 
lower than 5%. The reactions of hydrcgentaion of carbon monoxide with mixtures of pure CO and H? 
display lower conversion rates than 70%. Low levels of methane in synthesis eas are necessary in order to 
Increase the partial pressures of CO and H ? and prevent kinetic and thermodynamic constraints from 
causing the conversion rates, experienced in CO rn/drogenation reactions, to decrease. A decrease in 
conversion rate implies an increase in the amounts of reactants to be recycled and Cm accumulating 
during the recycles. * 
Owing to these reasons, the target Is values of methane conversion rate higher than 95%. Since 1965. 
40 processes for the synthesis of diesel fuels from natural gas have been developed, which are based on an' 
intermediate syn gas production, a F-T synthesis of long-chain hydrocarbons, and a hydrocracking of the 
fatter. In this case too, the step of syn gas production contributes for approximately 60% to total production 
costs, 

Also in conventional methanol production processed, at temperatures comprised within the ninge cf 
45 from 220 to 300 * C, the syn gas production costs contribute with similar percent amounts. 

Therefore, in F-T syntheses and in methanol syntheses by means of the conventionaJ routes, synthesis 
gaa mixtures are use whtcn contain negligible levels of metnane in order to prevent that a decrease in H* 
and CO partial pressure may caue© both a decrease in reaction rotos and consequently In conversion ratos 
per pass, and methane accumulating in the recycled gas to the synthesis step, 
so On tha contrary, the methanol syntheses with high conversion rates per passage, operating at low 
temperatures, are capable of converting approximately 90% of synthesis gas into methanol even in the 
presence of large amounts of inert gasos. However, in this case, C0 3 and H 2 0 impurities arc not tolerated 
in the roactant mixtures. 

This process was mainly studied by Shell (EP-285 223; EP-287 151; EP-289 067- EP-306 1 13- EP-306 
ss 114; EP^309 047; EP-317 03S). Brookhaven National Laboratories (US-4 935 395; US-4 814 749; US-4 623 
634; US-4 613 623). Mitsui (JP-B1/169 934; jp.ee/t28 e42). Sinter (W066V31 SO). Snamprogettl\lT 20 028 
A/88: IT 23,101 A/88: IT 23.102 A.*8: IT 22.352 A/89; BP 357 071 EP-504 981) 
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, r ^y* 5 5V3t9ms in these syntheses contain nickel [Ni(C0VMeONa1 or coooer 

*« temperatures e»mpo^ within the range of from 90 t* 120- C and the pressures *™ 
C0 ^Py «*» *• *«* ol from 5 to 50 atm. Under these conditions, conversion rTtes of round 90% ^ 

2? -22, r? . rn .°'° CU,ea 83 mr090n 800 msmare reactions were studiooMn S 

the »nerts levels were ol approximately 40%). »«-wivu in wnicn 

^n^Sn^LT^ 01 "J*"?**^' «*»r mixtures can be carried out with high values of 

It has now been found a process of catalytic partial oxidation (CPO) of natural gas to yield svnthes* 

ST! w W Pr06 ° ntfy uaod *^th even penfctieriy low 0,;C and HjOtCH* moter ratios 

£2LZ?2 "l* f °^ **» «- cerhoe monoxide hydmglnation. 

syntheses and methanol or methanol-dimethyt ether mixtures syrrtese* 

i^TTSL? 8 byproduct from »• P"*** P«>co» and is separated before using syn gas when 
formed ,n nslatlvoty largo amounts, e.g.. In larger amounts than /*>out 3* by weight. 

20 The Possibility of operatino at hfoher space velocities (1 .500.000 > GHSV > 20000 h~«l than ha« 

toDSj^lf^ r l0 '25 !P mak8S * P 0 * 5 "** s ™« ^ to be used, thus allowing s^ngs 

to beaccc^shedin Investment costs. The possibility of operating with reactant streams wllh-molar ratios 

ZZnZctJLV^^L^* - ~* -~ « «* <™ — <« 

^ is mh-^^fX^^ of rwthane 1121 carried out at lower space velocities than 
15 000 h , can be described as the sum of total hydrocarbon combustion (91 and steam and C02 
reforming reactions [10H11] 



to 



xs 



50 



CH* + 2Qj — > COj + 2 MaO [9] 

COa ♦ CH» — > 2CO * 2 Mj [10] 

HaO + OU — > CO + 3 ffcO [11) 

sa CH» t 1/2 Qs — > CO + 2 M2 £12] 

f^^l'r e L !l m ^! ra ! UfeS ^ 600 *C the total oxydation reaction [91. strongly exothermic, is considerably 
favoured, whilst the steam and CO, reforming reactions C10H1U strongly endothermic. are unfavoured. On 
tne contrary, at h,gner temperatures than 750- C, both these latter reactions are capable of converting CO, 

*0 and H 2 O into synthesis gas* 

The catalysts used in the CPO step according to the present invention makes it possible the reactions 
to be carried out with O^GH* ratios lower than 0.5 also in the absence of steam, under conditions which at 
present can not be used with the catalysts known from the prior art owing to the coal formation reactions 
W and [4]. The synthesis gas produced under these conditions may contain even large amounts (ot up to 
50%) of unreacted methane and can be used in synthesis reactions with high conversion rale value, per 
pass. 

The i influence of the high value of space velocity is reported in published studies by DA Hickman and 
ld schmiot Science ig93. 289, 343), whicn maac experiments at nignor temperatures than 1000-c wim 
^ U T; b ?^ 4 Ca,3 ' ys, *• * nd by VH - CnoudaH ' ^ S M,mman, S.D. Sanwro (Angew. Chem. .nt. Ed. Engl, 
^nn L Z . f*"* 0Ttnod experimental tests at temperatures ccmprised within the range of from 

300 to 900 C. w,th catalysts not constituted by noble metals (Fe. Co. M). The experimental tests disclosed 
in ihe present patent application are anyway flifterent from those reported in published papers. The above 
Authors used difforon. catalysts from thoeo wo siudiod. and consequent were unable to operate with 
urun I u S < ^ V ^ 0l) n 0rd9r t0 3V0,d 0081 fo,im ation reactions [3], [4] and did not obtain 
nS, 7 h J m ZuJl* ° pr0Ce " acc0fdin 9 to lh ® ***** invention enables synthesis gas to be 
produced under UHSV conditions even in the pres nee of large amounts of CC*. The possibiBt? of using 
CO* .n the reaetant mixture makes it possible considerable advantages to be gained whenever syn gas 
mixtures wHh H,:CO ratios lower than 2 (by vobVol) must be obtained. Such tew values o* said ratio a,e 
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Tho syn gas production reactions er* thought to be reprosontabte as fqBow$: 



CM* 

* CM « * °* " > CO? - H 2 0 — > CO 1. H 2 
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^J!^,!^ !° Z™"* 1 * c ™** peoote think that under Won space velocity conditions th* 

!_™ ia,y ^ sunaco oetore reacting to form the secondary reaction products 

Tho process of catalytic partial oxidation of natural g as ; n onter to obtain synthesis oas anrt 

35 2^22; S7cSa^l^T nt ,nven,ion - * cha?a ^ -2^-52 fe 9 ^S 

7r .ri? C ^ alySt by one or more compounds of metals from Platinum Grouo which 

TaTe ofCT 0 P iTJ^ 1^ ° f t molo ' s from ^P. by weight, a comprise SlhhTS 

o^«nl^l° ^. 20% ' PraforaWy 0t l ?° m 01 to 5% of the total weight of catalyst and c «rrior by 
9 „1 Per3hire5 comprised withfn to range of from 300 to 950 'C. preferably of fromaS) to 
850-c, under pressures comprised wlWn the range of from 0.5 to 50 aim, pree^lyoffrom 1T40W 

«^,Ur»^lf, a l a,ySt l. 3re ^^^'y activo 83 the CPO reactions, and are particufarty inert as 

oTr? 0m,a,,On re3CttofW I3 >' M ^ «• capable of working vrfth 

obtained! ' teavirtfl s * wm « hi « h eo " tort » <* ""reacted methane will bo 

" m * CP0 react,ors out by using reactants mixtures with ratios of Oz/CH, = 065 (bv 

£££ ™ CUme,M ,eavi °9 5 ""™ «*» * reduced down to .eve* which m? even betoS 

r^ltefw nL tXi !ll / m8n !! 0r,ed ' CP ° CateIySts ara used metals from Platinum Group, in 

pellet form, prepared accord.ng to procedures disclosed in patent literature (UK Patent No 2 240 284 UK 

™™£ITZ' M T °°r 3 ' UK PlJbL No - 2274284) - ™«™">- * SS £pf SSe 

ZanTJl S U ' e l Wrh * Ch *"" ilar to ,ho " " * «cid production, but with a higher *h 

tzs^JZ&r^LTi sm enbioc cata,ys,s - ,n partcu,ar in ma ,aner in *• 

ong.nal method for pre panng enbloc catalysis is disclosed, which makes H possible the noble 

SSnVThf. 1 P T P ° S ' ted ^ a h,9h <,i5p0rSk " , de9ree ' 00,0 ■» 5urf8ce 0{ *» "Soiwo body by 
surfaces^ hTml" IT! 5 : ,Wt, °: " or a ano - et8 » ta Rh - " clusters. The metals get flxeo on J, 
Ito^lm* mo " on,h,c l bo ^ through a soHd-liquid rg^«on bot^n tho roactiv, surfaw ^ito^ and th. 
SSKTSS " hen Und8 ' 9 ° ^^P 08 '^- «"« monoatomic species in an extrame.y 

^ T ^ PfOd0Ced - TWS proCedur6 i3 ^antiany different from the impregnation 

srs iszxzzzi ssr* ,s omo 1,10 carr,er is do,ernined oy ?ho nu,nDer 01 

^isisst^ SnSt*" " e 816 inregrafed processes ,or n,e,han ° i ° r 

syntr^iJ^'^t^l 35 *' ^ SynltUlSiS 985 S9SQMm f ««si"9 the 

*ynth e9lS gas oota,noo by moan* ol the procwa disclosed horoinabova. after tho pro^iminaor possible 
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^paratton of formed fofmeioehyae, to react, Dy means of a stable catalyst by cceratino in ma 
at a temperature which is higher than 40 -C and lower M p 7w , ? * synthesis gas. 

The Integrated process for the synthesis of mothanol-dimethyl othor mixture i 
mixture of synthesis gas and methane, obtained as disc^^^T • 
separate of any possibly formed hmmSSi TmS^^^^^S^^ 
inelhano. and of converting the so prc<luc J methanol Tnt >ZES*£ £ at^ 0fl 
hjghe, .Hon ,50-0 and low, than and under . _ 0 S&SSttZ VXSfZ 

The integrated process for F-T syntheses from synthesis gas essentially consists in causing th» 
synthesis gas otnalned Oy means of the process as disced hereinabove, i^^ZZ^L^ 

C3t3£st. at a temperature higher than 200 and lower than 400 'C and under a higno, pressure man 1 mpT 

mfl ^\ C ^S' ) !, rab |l. r ^ C,i,5f1 * 60 «=o»nP'fehed In (he syn gas production process 

makes ,t possible advantageous inteomted processes for converting natural gas L> SThW^S^ 
and/oxygen containing producta via syn gas containing higher methane tevela^an 5%^ voSnT^S 

showa^ 0 ° CC ° mP * ny " >9 fi9UrOS 1 * 2 «"* 3 "* * ov - menltonwJ '"^^ Processes are schematically 

svn al'SL^Jt ™TJH?1 S St) ° wnolQi6 F-T syntheses from natural gas via 

syn gas obtained by means of the process according to the present invention. 

Natural gas n) and oxygen (2> are fed to Ihe reactor (3) m which tne catalytic partial oxidation of natural 
gas taxes place, with synthesis gas and formaldehyde being obtained 

F-T Sn^Sepiac? * '^i* 0WM «• wh,ch «» w •» reactor (10) in which the 

h^IS^r* P ? dUC ' <"> ,s set1t » a separation unit (12) trom which a stream (13) containing 

nT^Tnl 2nJ" rrr". 2 ' St0mt - ^ 9 *— ™ containing IZeenl 

hydrocarbons wrth 2, or less than 2. carbon atoms are obtained. With the latter being recycled to reactor 

^ m JLlSr 1"?° thematic is displayed of the integrated process tor Ihe synthesis of methanol or of 
as methanol-dimethyl ether mixtures from natural gas via eyn gas. 

Natural gas (1) and oxygen (2) are fed to the reactor (3) In which the catalytic partial oxidation of natural 
gas takes place, w.th synthesis gas and formaldehyde being obtained. 

«,Jr n8 T y< ?! W , Can * SEp3rat8d fr0m eases (5) which are fed to reactor (20) in which the 

syntheses of methanol or of methanol-dimethyl ether mixture* takes place. 

40 *„H ^ ' e !l n9 ^°. dUCl *!? * Sen, J° 3 S8 P ara,to '» unil ^> f rom which a stream (23) containing methanol 

tZL ? y n£°T n,nQ pr0 ^ CtS: and 8 < 24 >' coding methane and hydrocarbons with 2. or less 

wan 2. carbon atoms are obtained, with the latter being recycled to reactor (3). 

In Figure 3, tne schematic is shown el the integrated process tor methanol synthesis under Wen 

converstons-rate-per pass conditions, from natural gas via syn gas. 
«s Natural gas (1) and oxygen {2) are led to the reactor (3) in which the catalytic partial o*idaeon of natural 

gas takes place, with synthesis gas and formaldehyde being obtained °*raat.on oi natural 

ro F ZT*Tn (4) r^" b ° 9epara,ed from O^ (5> wntcn. after oeing separated in (6) from 

300 H '° f 7 )- are to reactor (30) in which the methanol synthesis takes placo 

«J?? efflU TK P 7* C 1 {3,) * SBnt to a separatlw un * < 32 >, fron1 "hlch a stream (33) essentially 
oou3 9 me,nan0 ' ; and a Strean1 < 34 ^ cont ^n9 methane - which is recycled to reactor (3) - are 

nr^ Ch T n0S ^• 0, ' h *V, ^ r0C9eS ° 9 b taV00red by 1h<s ^» ibi ' i «y of separating horn the end mection 
products, and recycling to CPO unit, any unroacled light (C, and C 7 ) hydrocarbons 

mi*,!?™ 9 nr ler f 'f - *° t™*** 6 Pr ° C9SS for 3ymh9SiS 935 P f0<,uw,on ^d use may employ, in CPO unit, 
mwure, of natural gas and oxygen or enriched air with molar ratios of O^K which may even be tower 

under UHSV cond.ficns (ultra-h,gh space velooty). CH t ,O a /CO, miMturea not containing steam The procesa 
conditions are such that oxygen will b totally converted in the syn gas production unit, whilst meaningful 
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™cT:IZ"Z cT femain " *" mUen[ h0m CP0 * P««-r when the ratio o, 

The CPO reaction products are mainly constituted by mixtures of H, co ™a ru ^ik 
of H,0 and COj, With HCHO being « reaction byproduct !lt " ""^ 

s recycled to the c^ytte pan,al orfSten atop. tt» C^H^^ 

methanol and/or dimethyl other (DME) end/or hydrocarbon ^ * tor ^^^"O 

These results are very difficult to reach under high presets conditions: or, the contrary it has 

var,at,cns in selecfevrty rates can be obtained under superetmospheric p,e 3Sure 7 tte SSfen ol 
eynthoa:, 8ft3 under UHSV conditions ta ded.cated to metnancl ^ 3 « £ ^ STSSSto 

' N rt P S' 9 -, re °^ n il " nd, ^ s * D be usad in which afl oxygon is consumed an/cVZ ^o 
present in synthesis gas will be removed before the hydrogenaflcn step W 

caJ£ a^t^ So ^J^™* 1 d,sc,OTOd ,n *° f ^ng examples show thai the 
iT^ZtTJ ^L° P ° rB8Ction 080 * (tescrtb «» means of equation [12] without water and 
carbon dioxide he.ng produced ae intermediate products by reaction [0] within a widi , ' of expeHnLntal 

convorsfen rates can be obtained under tew temporal £ iTSmSS 
velocity conditions, because reacton [12] is very fast and is thermodinamically favoured J 3 w * 

fir^T ^f)^ M ■*» «* thormodinamtealty unfavoured at lower temperatures 
S^H and t^w ?!' r J** ars stained even at tew tempered whi u « 

ISlTl ° *' C "* < 0 5 voWol > are ^nder particularly edvantageous the 

reactions ol meihanol or methanel-dimethyl ether mixtures production carried out by means of ihe htob 
conversiorwate-per-pass processes. '^»" 

th 3 t?hT^S'? 7, ^1?^^ 10 ° rder to beM6r ,11u8lrate ,he Snv8rt,ton . * brfng anyway understood 

that the invention is not limited to them, or by them. 
EXAMPLE i 

The CPO reactions and methanol synthesis at high values of conversion rate per pass from the 
rasing mixture*, of synthesis gas and methane were carried cut inside two reactors, at a pressure of i3 

_ " A " CP0 rMCtte «» were carried out at a tamparature of 750 *C and with a GHSV velu© of 

300.000 h"-. The stream of hot gases leaving the first reactor at the temperature of 750 -C is cooled by 
means of a coil inside which a water stream flows and is sent (after removing small amounts of steam and 
CO, produced during CPO synthesis) lo reactor - 8 " Kept at the temperature of 100 "C, In whfcfl methanol 
synthesis takes place. 

, J£ e miXttJre ° f rWCli0n P roduCt3 " as analyzed both at first reactor outlet, and at second reactor outlet 
W both cases by gas chromatography. 

Tha , reactor inside whicn the CPO reactions are carried out Is constituted by a ceramic alumina tube 
surrounded by a stool cylinder. The alumina tube secures the chemical Inertness of the reactor wall, end 
the steel lube constitutes the strong body which enables the experimental tests to be carried out al higher 
than atmospheric pressures 

The reaction gas. constituted by CH* and O, (OerCH* - 0.2:0 8 by volvol). flows through the catalytic 
oed (A) containmg 0.S g of en Bh- and Ru-bascd catalyst, with a contact time of 10" : seconds fSHSV 
300,000 (>"•). 

„ n °Wa "»etals were deposited on a carrier constituted by silica-grafted alpha-alumina. Rh and Ru 
constitute 0.5% and 1%. respectively, by weight, of the material. The carrier (silica-grafted alumina) was 
prepared by moons of condensation reaction* between the reactive groups on alumine surtace and 
lotraothyl silicate (TES). followed by hydrolysis and calcination. Tho ocblo metals wore deposited by using 
hydrccarbonaceo us solutions of Rh*(C0), 2 and R U) (C0), 2 . according to such procedures as disclosed in 
UK Patent No. 2 240 284, UK Publ. No. 2247485. IT-MI32 A 001953, UK Publ No 2274284 

The mixturo of products obtained rrom the CPO step enters a slurry reactor "8" for methanol synthesis 
ca^c 3 ystem In the slurry r 0ac tor was prepared by using CuCl and MeONa as precursors by 
operating according to the procedures disclosed in eP-37S.07l. The copper salt and th alkali metal 



7 



HP0640M9A1 



to 



?£TJZZ^J°T^T£ 8 " itro96n r ^ atmOS ^ 1,10 w 3S then a*,*, 

voi^oi) and ma temperature is increased up to 100*C before the mar*™ r^~~~? 1 , - T ^ 
The conversion rate of synthesis gas in methanol synthesis step is of 90% and sslaeth/irv m m*tK„ , 

EXAMPLE 2 

to this case. the synthesis gas production passage was cameo out at 1.5 MPa in the raaetor -a- m <h» 
300,000 b-') contained methane and oxygen In a mutual ratio r>t rvrn - Z 
^£2£^2 t "° T """a* * 1 0 and at a temperature of85- C 

Ml| J"" r^"^ ^TlT" by d *»** " *•"*»- body into an £Z hYdJL 

solution. A layer of hydroxy coats the enbloc Body and, after drying and calcination is courted into a 

SSSZS '° 10 ,ftChnical » a "wash-coatog- process) The 

monoB^ body was soaked in a hvdrocarbaneceous solution of Rh,<CO)„ and RualCmTihexane 

Bon of the clusters take place, yi eld>ng to coating the surface of the monolithic body with a monolayer irf 

^Tzjtiijzzr * pertom ^ me qoan,ttativ9 ^ oi ^ is-sk 

,TTt2* T y> 'T** & mm(i » with 90 mi of anfeoie. The experiments were carried out 
^SS!st TeSr^ ^ ^ 88 dfectowd ,n ^ Stamp* «he obtained resuSs Ire 

^ The syn oas conversion in methanol synthesis slap was of 92% and the selectivity to methanol was of 



so 



30 



M EXAMPLES 



The synthesis gas production reactions were carried out in reactor "A" over a catalytic bed und«r » 

^ GHSV * 400 -° 00 a * 1 T 75 °* C - ^ ' 041 ^ SSJ T^rSumng 
aynthes* g,* conta.n.ng more than 10* of unreacted methane, was used to a second reactor (8, xl 
-w parform F-T reactions of hydrocarbon synthase. The pressure Inside reactor -8" was kept al 3 MPa. the 
temperature at 300 * C. 

CPO synthesis a monolithic catalyst was used which was prepared according to toe same procedure 
as oiscioseo m Example 2. The catalyst tor f-t synthesis was prepared Dy means ol successive 
impregnation* up to Incipient wetness, of a gamma-alumina (surface area 150 rr*g). The first impregnation 

45 was earned out with an aqueous solution ol cobalt nitrate. After drying at 115'C. the catalyst was submitted 
to a second .mpregnat.on with an aqueous solution of ruthenium nitrate and then was submitted to a second 
drying procedure. A third impregnation step was carried out with an aqueous solution ol potassium 
carbonete. After a turthcr drying, the catalyst was calcinod op to 350 'C. The end catalyst contained 18-.6 

«. 2^ ''^wTli 1% DO,ass,um - ^ cata| y« c tBS « Prececea by a thermal raouction traatment at 
« C <JunnQ wh.ch through reactors "A" and "B" a nitrogen gas stream conUining 25% hydrogen was 
flown. The compos.t.ons of the reaction mixtures and of the products from both reaction step are reported^ 

EXAMPLE 4 

CPr^lMT P™*"™ 33 d,sc,owd * ex&m P" > 3 ™° «P«ated by using tne same catalyst lor tre 
CPO reactwns and. respect^ely. tha aamo catalyst for F-T synthesis reactions; howovo.. in thia caso t>. e 
nurture of methan and oxygen ted to the CPO reactor -A* inlet contained a ratio ot O Ch» = 0 55 The 
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results obtained are reported in Table 4. 

EXAMPLES 3-T 



The experiments disclosed in Examples 1. 2 and 4 were repeated by using as catalyst in th» ^ 
reactor, a plafcnuirwhodtam wire mesn. containing 10% byWelght of rtXJ? ST^^k ^ 

met* wre, of 0 078 am of diameter. Induct, a* rhcdtom proved to be policutertv • aST*?rS 
rem and particularly inert In coal formation reactions, the meshes were Z52£+2^ Z 
surface, by electrochemical way, a iayer of rhodium metal, from an aqueous StioTof mcdCST ¥l 
resuHing material proved to De actrve in CPO reactions carried out unCe7?H?V^d^S 
for CO and N, higher then 06% under the earn* react™ condWons as ^^nSo^lT^S, 
a low selectivity to iormakdebyde. In foitowmg Tables 5. 8 and 7. the SIm SlTS 

the first reaction step in which me synthesis gas mixtures are obtained to 



EXAMPLE 8 



Tablo 1 





OPC INLET (Molar fractions) 


OPC OUTLET (Molar fractions) 


MeQM OUTLET (Motor ir actions) 


Hz 

CO 

HCHO 

CHdCH 

C20X + 

DME 

MF 


0.600 
0.200 


0.2S0 

0.460 
0240 
0.050 


0.330 

0,087 
0.032 

0-553 
0.004 
04)01 
0.007 


(DME - dlmetnyf e^or; MP = metnyi formate) 





Table 2 





OPC INLET (Molar fractions) 


OPC OUTLET (Molar fractions) 


MeOH OUTLET (Molar fr actions) 


ChL 


0 710 

0.29 


0.077 


0.100 


H 2 
CO 
HCHO 
CH, OH 
C?ox + 
dwe 

MF 




0.562 
0.281 
0.080 


o.m 

0.054 
0.627 






0.004 
0.002 
0.012 
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Table 3 




OPC INLET (Molar fractions) 


OPC OUTLET (Molar factions) 


FT OUTLET (Motor fractions) 


CHi 

Q2 

He 

CO 

HCHO 

CO2 

H*0 

C2 + 


0.710 
0.290 


0.075 

0.570 
0 285 
0.070 


0.117 
0.394 

0-224 

0.207 

o.osa 




Table 4 




OPC INLET (Molar fraction*) 


OPC OUTLET (Molar fractions) 


F-T OUTLET (Molar fractions) 


CHi 

O2 
He 

CO 

HCHO 

COa 

C* + 


0.666 
0.334 

M 


0.015 

0.590 
0.290 
0.060 
0.010 
0.015 


0.013 

0394 # 
0.224 

0.008 
0-215 
0.055 


* Tabte 5 


*• 
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OPC INLET (Molar fractions) 


OPC OUTLET (Molar fractions) 




0.SC0 


0.250 


02 


0.200 




H* 




0.240 


CO 




0.400 


HCHO 




0.030 


CO* 






H ? 0 








Tabid 6 




OPC INLET (Molar fractions) 


OPC OUTLET (MoJar fractions) 


CH 4 


0.710 


0.075 


a 


0.290 




H 2 




0.295 


CO 




0.590 


HCHO 




0.040 


CO? ! 






HjO 
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OPC INLET (Molar fraction*) 


OPC OUTLET (Molar fractions) 


CHi 




0.001 


0, 


0.334 




Ht 




0,300 


CO 




OjBOO 


HCHO 




0.080 


CO, 




0.000 


HtO 




0.010 



Table 8 





OPC INLET (Motor fractions) 


OPC OUTLET (Molar fi actions) 


FT OUTLET (Molar fractions) 


Oz 


0.500 
0.250 


0.0J1 


0.109 


H* 

CO 

HCHO 

COi 

H 2 0 

Ca + 


0.250 


0.485 

0:303 

axm 

0.106 

0.04$ 


0.106 
0.160 

0.137 
0,074 
0.C84 



Claims 

1. Procoss of catalytic partial oxktetfon of natural gas b oroV to obtain synthesis end fcrmaldbeyde, 

crwactenzed m thai such an oxfdattoo is carried out by means of a catalyst constituted by or* or more 
compounds of metals from Platinum Group, which Is given the shape of a wire mesh, or Is deposited 
cn a carrier made from Inorganic compounds, in such a way that the level of metal or metals from 
Platinum Group, by weight, ie comprised within the range of from 0.1 to 20% of the total weight of 
catalyst and carrier, by operating at temperatures comprised within the range of from 300 to 950*C 
wider pressures comprised within the range of from 0.5 to 50 etm, at space velocities comprised within' 
the range of from 20.000 to 1 .500.000 tr\ 

2. Process according to claim I. In which the temperatures are comprised within the range of from 500 to 
850' C. the pressures wfthin the range of from 1 to 40 atm and the space velocities within the range of 
horn 100.000 to 606,000 rr\ 

X Process according to claim 1 , in which tho porcont by weight of metal or metals from Platinum Group Is 
comprised within the range of from 0.1 to 5% by weight, based on total catalyst and carrier weight. 

4. Process according 10 claim 1. In which the metafe from Planum Group are selected from medium, 
ruthenium and iridium. 

5. Process according to one of claims from 1 to 4 in which the molar ratio of 0 2 :CHU is lower than 0.5. 

Process for tho synthesis of methanol from synthesis gas, consisting in oauoing tho synthesis gas 
obtained by means of the process according 10 one of claims from i to 5. after the preliminary possible 
separation of formed formaldehyde, to react, oy means I a suitable catalyst, by operating in the case 
of th high-conversion-per-pass syntheses, after additionally separating CC* and H^O from said 
synthesis gas. at a temperature which ia higher than 40 "C and fow©r than 20o" C and under a higher 
pressure than 1 MPa: and. in the case of tho synthesos by the conventional route, at a temperature 
high r than 200 • C and lower than 350 • C. and under a higher pressure than 1 MPa. 
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7. Procew tori Rwhar-Tropsc* (F-T) syntheses from synthesis gas. consisting in causing the synthesis 
^f^^ e "7 «> one of claim, from I to 5, after the penary 

possible separation of formed torrn*!d*hydo, to n«ct by mean* of a suitable catalyst, by oporaUno *t a 
tempers higher than 200 and W than 400 -C and under a higher preasJrttan 1 

* ? ^^oi^matnyi emer mixture trcrn syrrtheel* gas, consisting causing 

the modure of ayfrthe*s gas and methano. obtained by mean* of the process as claimed in one of 
^ Pre«fnuiary possible separation of formed formaldehyde, to react In the 

d m^^lf^ C *^* pf0duCl ° 9 methano, and * a*™** the so produced methanol into 
dlmethyf ether, by operating at a temperature higher man 150 'C and tower than 400 • C and under a 
pressure higher than 0.1 MPa and lower than 10 MP* 
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